Background-Sudden death in sport is rare, but when it occurs the eVects are devastating. There have not been any reports to date describing the frequency and causes of sudden death in sport in the Republic of Ireland. Aim-To describe the incidence, possible causes, associated factors, and pathological findings in people who died while exercising in the Republic of Ireland in the 10 year period from January 1987 to December 1996. Methods-All 49 regional coroners in the Republic of Ireland were approached and details on all cases of sudden death in sport from 1 January 1987 to 31 December 1996 were requested. A questionnaire was used to document age, sex, participating sport, previous symptoms, previous medical investigations, circumstances of death, and main pathological finding in all reported cases. Results-Of the 49 coroners surveyed, 45 replied. A total of 51 cases of sudden death in sport were identified. The median age was 48 (range 15-78). Fifty of the deaths were of men. Golf was the most popular participating sport. In 42 cases, the pathological cause of death was atherosclerotic coronary artery disease.
Sudden death in sport is rare. Maron, in a study of marathon runners over a 30 year period, reported a risk of death in marathon running of 1 in 50 000. 1 In Ireland sudden death while exercising, particularly in young previously fit people, receives a high media profile. General practitioners most commonly encounter these cases, and the question is often asked by relatives and the media, as well as by the medical profession, whether the tragedy could have been prevented. This study aims to determine the incidence and possible aetiological factors associated with sudden death in sport in the Republic of Ireland.
Method
This retrospective study covered a 10 year period from 1 January 1987 to 31 December 1996.
There are 49 coroners in the Republic of Ireland. Each covers a specific geographical region. Once a sudden death occurs, the case is reported to the coroner in that area who in turn arranges for a post mortem to be performed.
A recording sheet was sent to all 49 coroners requesting details of age, sex, previous relevant symptoms and investigations, circumstances of death, and main pathological findings of all cases of sports related sudden death reported to them during the study period.
Sudden death has been defined as death occurring within one to 24 hours of the onset of symptoms. 2 3 To ensure a more definite link between sudden death and sport, the definition of sudden death in sport in this study is limited to unexpected death from natural causes occurring during exercise or within one hour of engaging in a sport related activity.
Results
Of the 49 coroners surveyed, 45 replied. A total of 51 cases of sudden death in sport were reported; 50 of the these were men. The median (range) age was 48 (15-78) years (fig 1) . Age groups Number of sudden deaths over 10 years [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] 21 -30  31-40  41-50  51-60  61-70  71-80   14   10   6   2 Golf was the most popular participating sport (table 1) .
Five of the deceased had complained of chest pain either on the day or within days of the event (table 2) . Two had a documented history of ischaemic heart disease. One had a diagnosis of "cardiac problem" but the precise nature of this was not recorded.
Forty eight of the reported sudden deaths occurred during the activity. One man collapsed immediately afterwards in the dressing room. Two deaths occurred during the journey home.
The cause of death in 42 cases was reported as atherosclerotic coronary artery disease (table 3) . Three of these deaths occurred in men under the age of 35. There was one case of hypertrophic cardiomyopathy. In another case no definite diagnosis was made even though cardiac samples were sent to a specialised unit abroad. Of the two people with aortic stenosis, one had received prior corrective surgery but had persisted in playing competitive sport. There was one case of congenital anomaly of the coronary artery and one case of probable cardiac arrhythmia in an 18 year old man who died while jogging.
An 18 year old man collapsed while playing Gaelic football, and the post mortem finding was "Cardiac arrest ensued on aspiration of stomach contents" (table 4). The post mortem findings on a 15 year old man who died while playing Gaelic football was "cardiorespiratory failure due to inhalation of blood from gastric erosions; gastric acid was probably also inhaled."
The only female was a 16 year old who felt unwell while swimming. The main finding at post mortem was acute left ventricular failure due to aortic stenosis.
Discussion
This study attempts to describe the cases of sudden death in sport reported to the 49 regional coroners in the Republic of Ireland in the 10 years from January 1987 to December 1996. The population of the Republic of Ireland aged 15-80 years during this time period was about three million. Based on the findings of this study, the incidence of sudden death in sport is about 1 in 600 000 population. Although there are few published data with which to compare this approximate incidence, these figures do suggest that, in the Republic of Ireland, sudden death in sport is rare. In North America, it has been calculated that there are about four deaths annually per million athletes. 4 The number of deaths reported in this study for this period may be an underestimate. Some deaths in people with previously diagnosed disease who died during exercise may have been certified by their general practitioner and therefore may not have come to the attention of the coroner.
This study identified atherosclerotic coronary artery disease as the main cause of death in those over 35 who died during exercise in the Republic of Ireland during the period 1987-1996. This finding is in agreement with the results of other studies. [5] [6] [7] [8] There were fewer cases of hypertrophic cardiomyopathy in the younger age group than previously reported. 9 Deaths in patients with previously diagnosed hypertrophic cardiomyopathy would not have to be reported to the coroner and so would not have been included in this report.
At present, the Republic of Ireland does not have a preparticipation screening programme. Therefore it is unlikely that people with hypertrophic cardiomyopathy would have been selected out to avoid all sport thereby reducing the number of deaths attributed to this disease in this study.
Although the apparently low incidence of death from hypertrophic cardiomyopathy in this study bears similarities to the findings in the Veneto region in Italy, 10 it is at odds with that described in a number of other studies. 9 This may reflect a truly diVerent distribution of the disease in the Irish population compared with other populations. 9 It is, however, more likely that this finding reflects under-reporting of deaths to coroners, or, given the small size of the Irish population and the relatively short time period of the study, the number of cases of hypertrophic cardiomyopathy described may reflect sampling error. Some of these issues may be addressed by the creation of a national register of deaths in sport, which may increase the reliability of reporting of these cases. 10 have suggested that the most common cause of death in young competitive athletes in Italy may be right ventricular dysplasia. There were no reported cases of right ventricular dysplasia in this study. This may be due to the small numbers reported, or to lack of reporting of right ventricular dysplasia by general pathologists.
Myocarditis is a recognised cause of sudden death in athletes, 11 12 coxsackie B and echovirus being most commonly implicated. One reported case of sudden death during exercise in Ireland in the period 1987 to 1996 was attributed to myocarditis.
Sudden death during exercise may result from a primary arrhythmia. 13 14 In this study, there was one reported case. However, the two young people who died having inhaled gastric contents may have done so following an arrhythmia.
Exercise induced coronary artery spasm has also been described as a cause of sudden death in exercise. 15 It was not observed in this study. Aortic stenosis is associated with exercise related sudden death. 16 There were two reports of death due to aortic stenosis in this survey; one of the victims had received prior corrective surgery. It is recommended that those with aortic stenosis, even if they have received surgery, should be evaluated by a doctor before they are cleared for participation in competitive sports. 17 Golf is popular in Ireland and one would expect it to be played particularly by the older age group. However, two of those who died while playing golf were relatively young, aged 32 and 36.
Northcote described squash as a sport in which sudden death is relatively common. 18 Squash accounts for only one of the deaths reported here. This may be because squash is not a particularly popular sport in Ireland, compared with the United Kingdom.
Gaelic football is a popular sport in the Republic of Ireland. It is a 15 person team game similar to Australian rules football, which involves sudden bursts of eVort. Five men aged between 41 and 46 years died while playing Gaelic football, the cause of death being atherosclerotic coronary artery disease.
The one horse rider was a 60 year old man, who died of atherosclerotic coronary artery disease.
The under-representation of women in this study is not surprising. The estimated sports related death rates have been found to be five times greater in men. 19 One reason postulated for this is the participation at higher levels of intensity among men.
As the data for this study were provided by the regional coroners rather than individual family doctors, information available on previous medical history and previous medical investigations is limited.
In conclusion, sudden death during exercise in the Republic of Ireland appears to be rare, the predominant cause, across all age groups, being atherosclerotic coronary disease. Because of the low incidence of hypertrophic cardiomyopathy identified in this study, it is diYcult to justify the introduction of a preparticipation screening programme for all those involved in sport.
Despite the report's limitations, it goes some way towards informing us about what might be done to prevent sudden death in sport in the Republic of Ireland. Firstly, the results in this survey need to be prospectively validated. Secondly, as the most common cause of exercise related sudden death was atherosclerotic coronary artery disease, changes, in particular in lifestyle, must be implemented to reduce the burden of ischaemic heart disease. The urgency for this is highlighted by the fact that the age standardised mortality rates per 100 000 population for ischaemic heart disease in the Republic of Ireland in 1997 was 194.4 compared with a European Union average of 114.5 in 1996. 20 Of concern in Ireland are the reports from the National Health and Lifestyle survey in 1998 that only 24% of adults participate in mild (longer than 20 minutes) exercise four times a week and 21% do not exercise at all. 21 Thirdly, every eVort must be made to identify those with coronary artery disease in the community. This group must be carefully assessed and counselled in an attempt to minimise the risk of sudden death while exercising. 
Take home message
Sudden death during sport in the Republic of Ireland is very rare and is predominantly caused by atherosclerotic coronary artery disease in all age groups. Because of the low incidence of hypertrophic cardiomyopathy identified here it is diYcult to justify the introduction of a preparticipation screening programme.
Five facts and five concepts for rehabilitation of mechanical low back pain Five concepts 1 Patients with acute and chronic low back pain should be encouraged to return to normal activities as soon as possible. Exercise programmes have been shown to be eVective in reducing disability although they may not aVect the intensity of pain. 2 It is important to address both the somatic and psychological aspects of LBP-that is, patient beliefs, anxieties and expectations. 3 Pacing: the aims of pacing are to increase the level or amount of activity that a patient can do without increasing pain levels. This is achieved by systematically increasing activity levels (by an agreed set amount) on a daily basis from an established baseline. 4 Rehabilitation should be progressive, based on correcting truncal stabiliser dysfunction. This forms the basis of functional stabilisation programmes which begin with maintenance of the spine in a painless neutral position with use of local stabilisers. The next step is to maintain spine neutrality with added limb load. Gradually dynamic control of the spine can be addressed with retraining of global mobilisers. Functional movement retraining is essential starting with slow limb and spinal movements progressing to complex high speed ballistic actions. 5 Proprioceptive retraining is integral to the programme using wobble boards and gymnastic balls. 
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